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Abstract
Since the suction accumulator is one of components with large surface area in rolling piston type rotary
compressors, its contribution to the total radiated noise may be substantial. In this study, possible noise
sources of the accumulator are discussed. The noise radiated from accumulators are predicted using threedimensional vibro-acoustic analysis. The finite element method (FEM) and the boundary element method
(BEM) are basic tools used in vibro-acoustic analysis. Important dynamic and acoustic characteristics of an
accumulator, such as natural frequencies of the shell and cavity, transmission loss and transfer function, are
also estimated.

Introduction
The suction accumulator is one of the largest components in a rolling piston type rotary compressor. In
an ordinary setup of a rotary compressor system, the accumulator is attached to the external surface of the
compressor shell, as shown in Figure 1. Because the accumulator has a large surface area, its contribution to
the total radiated noise may be substantial. Therefore, it is necessary to consider sound performance of
accumulators in the rotary compressor design in order to reduce noise.
Sound performance of an accumulator can be evaluated from the sound pressure level (SPL) of the
radiated noise. In this work, it is shown that use vibro-acoustic analysis can be used to predict SPLs
numerically. In addition to SPL, the analysis is used to predict other acoustic characteristics, such as the
transmission loss, and transfer functions.
An accumulator may influence the thermodynamic performance of a rotary compressor due to back
pressure built in the compressor suction cavity. Using a compressor simulation program, the back pressure
can be calculated if the four pole parameters of the accumulator cavity are available. While it is not
discussed in this paper, the vibro-acoustic analysis procedures demonstrated in this paper can also be used
to calculate the four pole parameters of the accumulator cavity [1, 2, 3].

Noise Sources
Noise sources of the accumulator may be considered as follows:
I. Gas pulsations. Because of the intermittent nature of the operation of the compressor,
pulsating flows exist in the cavity. The pulsating pressure developed in the accumulator
cavity causes the vibration of the accumulator shell.
2. Structural vibration. The compressor shell vibration caused by unbalanced dynamic forces
and compression actions inside the compressor shell are transmitted to the accumulator
through the clamp and the connecting pipe.
3. Evaporation of liguid refrigerant Under some operating conditions, a small portion of the
refrigerant may return as liquid and evaporate in the accumulator cavity. The abrupt
increase of the specific volume of gas related to this phenomenon may act as a noise source.
4. Gas flow. The complex gas flow in the accumulator cavity may generate aeroacoustic type
noise.
It should be noted that noise radiated from an accumulator is eventually due to the vibration of its shell
no matter what the noise source is.
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Three Dimensional Analysis
An acoustic cavity may be considered acoustically small if the acoustic wavelength at the highest
frequency of interest is large compared with the cavity's largest dimension [4]. In such a case, the system
may be analyzed by a lumped parameter model, which reduces the related analysis effort considerably. As a
rule of thumb, if the ratios of the acoustic wavelengths to the maximum size of cavity is greater than 4, the
analysis results obtained from the lumped parameter model usually have good accuracy. However, the
accumulator investigated in this study does not fall in this category. The diameter of one prototype
accumulator, for example, is 81 mm, while the wavelength ofrefrigerant gas at 1100Hz is about 160 mm.
Therefore, the analysis must be done using three-dimensional approach.
Coupled or Uncoupled Approach
Structural and acoustic responses of an accumulator interact with each other. Gas pulsations induce
acoustic pressure inside the cavity, which excites the accumulator shell. Conversely, vibration of the shell
structure induces acoustic vibrations of the refrigerant gas inside the shell. Therefore, their mutual
interactions should be considered. If the cross-coupling of the structure and the cavity is not strong, it is
possible to solve the structural and acoustical responses separately by considering only one of the two
interactions. The result of the acoustic analysis defines the boundary condition of the structural analysis, and
the result of the structural analysis defmes the boundary condition of the acoustic analysis. Therefore,
equations for structural and acoustic motions can be solved independently. This approach is sometimes
called a one-way coupling analysis.
If the structural behavior changes significantly by the presence of the acoustic medium, or the pressure
field generated by the gas pulsation changes significantly by the vibration of structure, analyses of the shell
and cavity cannot be conducted independently. Therefore, equations for structural and acoustic motions
must be solved simultaneously using two-way coupling approach.

For the prototype accumulators investigated in this study, modal analysis shows that two approaches
produce very close results in the frequency band of interest Therefore, the uncoupled approach is used for
simplicity.
Analysis Procedure
Figure 2 shows the procedure of the vibro-acoustic analysis using the uncoupled approach. For given
acoustic inputs, solving the interior acoustics problem using the BEM gives the pressure distribution on the
accumulator shell surface. Then the velocity response of the shell surface due to the acoustic pressure is
obtained from the structural dynamic analysis using the FEM. Finally, the SPLs of noise radiated from the
accumulator shell are estimated by solving the exterior acoustics problem using the BEM.

Modeling
As shown in Figure 3, the prototype accumulator is composed of a shell, inlet and outlet pipes, a baffle,
a clamp, and a stiffener. The accumulator is connected to the compressor shell by the outlet pipe and the
clamp.
Structural Model of Accumulator Shell
A complete model of the accumulator shell structure must include the accumulator shell, portions of the
inlet and outlet pipes, baffle, clamp, and stiffener. The finite element model of the whole structure is shown
in Figure 4.
Acoustic Models
The accumulator cavity is defined as the volume enclosed by the accumulator shell and part of the
outlet pipe. The BEM model of the cavity which is used for the interior acoustic analysis is shown in Figure
5. The baffle has significant influence on acoustic response in the cavity and must be included in the interior
acoustic model. The BEM model for the calculation of the radiated noise is composed only of the shell
surface.
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Calculation of Transmission Loss
The first cutoff frequencies of the inlet and outlet pipes are about 8000 Hz for the pipe diameters used
in the prototype. Hence, in the frequency range of interest, the pipes can be modeled acoustically as a onedimensional elements. The total acoustic pressure and velocity in the outlet pipe are expressed as
P=P, +P,
(1)
v=~+~

m

where P and v are the total acoustic pressure and velocity in the outlet pipes, respectively. P; and V; are the
pressure and velocity of the acoustic wave incident to the system, and P r and v, are the pressure and velocity
of the wave reflected back from the cavity as shown in Figure 6. From the following plane wave
relationships
P, = PoCoV;
(3)

P. = -pocov,
the incident pressure in the outlet pipe is solved from equations (1) and (2) as
P, = (P, + P0 C0 V,) I 2
where p 0 and c0 are the mean density and the speed of sound of the acoustic medium.

(4)

(5)

Figure 7 shows the transmission loss of two accumulators based on the following definition:

1L = 20log 10

~'

(6)

where, P 1 is the pressure of the transmitted acoustic wave that is calculated from the acoustic analysis, and

P; is from equation (5).

Calculation of Transfer Functions
A high SPL of radiated noise may occur at the natural frequencies of the structure as well as the cavity.
Therefore, it is necessary to find the natural frequencies of the acoustic system. Because the acoustic system
considered here has input and output pipes which are associated with acoustic energy exchange, it is not
possible to find the natural frequencies of the system using the modal analysis. Therefore, the system natural
frequencies are obtained from transfer functions.
At a particular location in the cavity, the pressure transfer function is defined by the following
equation:
TF = 20log 10

~~

~

(7)

where P is the pressure at that particular location, and v s is the velocity specified at the input source
surface. Then the frequencies corresponding to the peaks in the transfer functions are considered the
resonant frequencies of the system.
Figure 8 shows the transfer functions at three different locations in the cavity as defined in equation (7)
for the same muffler. More than one location must be considered in case one is on the nodal surface.

Sound Pressure Levels
The following table shows the maximum values of the estimated SPLs radiated from the accumulator
shell at the natural frequencies of the acoustic system. The values are obtained at a distance of one meter
from the center of the accumulator cavity. The source strengths that are used to calculate the SPLs are
estimated from compressor simulation program and shown in the forth column of the table.
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Source strength

SPL (dB)

Frequency
(Hz)

41 mmcavity

81 mmcavity

(cm~/s)

380 (1st 81 mm cavity resonant)

negligible

<27

16.39

460 (1st 41 rom cavity resonant)

< 18

negligible

16.39

1090 (3m 81 mm cavity resonant)

negligible

<20

1.64

Conclusions
SPLs of the noise radiated from accumulator shells due to internal gas pulsations induced by the
suction input flow are estimated numerically. Based on the results, gas pulsation in the suction cavity is not
considered an important contributor to the total sound level of the radiated noise when rotary compressors
are under normal operating conditions. For example, the largest value of SPL in Table 1 is 27 dB, which is
negligible compared to typical sound levels of small compressors.
The analysis procedure demonstrated in this paper may be used to estimate SPL due to other types of
noise sources with minor modifications.
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Figure 2. Analysis procedure
Figure 1. Rotary compressor with an
accumulator attached to its outside shell
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Figure 3. Schematic diagram of an accumulator

Figure 4. FEM model of the accumulator structure
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Figure 5. BEM model of the acoustic cavity
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Figure 6. Accumulator with inlet and outlet pipes
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Figure 7. Transmission loss functions

Figure 8. Transfer functions
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